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ABSTRACT
Compression garments are widely used in sport to enhance performance. The
purpose of this study was to examine the effect of thigh compression wraps on 60 m
sprint performance. Twenty-six physically active college students, seven men and
nineteen women, were participants in the study. The participants completed three 60 m
sprints in each of two test sessions. The second test session occurred two to seven days
after the first test session. The participant’s thighs were compression wrapped in one test
session, the treatment session, and not wrapped in the other test session, the control
session. Whether or not the first test session was the treatment or control session was
randomly determined. In each test session the participant completed a five-minute warmup on a bicycle ergometer and then ran three 60 m sprints. After each sprint, the
participant walked approximately 320 m before sprinting again five minutes after
completing the previous sprint. The average 60 m sprint time was 0.100 s slower for the
treatment sessions than for the control sessions, but this difference was not significant
(p=.057). The women’s average 60 m sprint time was 0.161 s slower for the treatment
sessions than for the control sessions. This difference was significant (p=.003). The
men’s average 60 m sprint time was 0.067 s faster for the treatment sessions than for the
control sessions, but this difference was not significant (p=.601). There was a significant
change between all trials in each testing session, but there was only a significant change
from the first trial to the second trial in the treatment session (p=.047). This may have
been due to loosening effect of the compression wraps. The results indicate that the use of
compression wraps has a negative effect on sprint performance in women. The results
differ from all other studies examining the effects of compression garments on sprint
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performance. The results of these other studies indicated that the use of compression
garments in a small positive effect to no effect on sprint performance. Future studies
should examine the effects of the use of compression wraps on performance in other
activities.
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CHAPTER 1
INTRODUCTION:
The use of compression garments, such as tights, shorts, and sleeves, has
increased in popularity among athletes. Advertisements for compression garments
include claims that they support joints, prevent injury, or improve athletic performance.
Athletic trainers generally use compression wraps and sleeves to control swelling due to
ligamentous, muscular, or other soft tissue injuries. Several studies have examined the
effects of compression garments on swelling, lactate accumulation, muscle warming,
aerobic power, and speed (Borras et al., 2011; Bringard, Denis, Belluye, & Perrey, 2006;
Doan et al., 2003; Houghton, Dawson, & Maloney, 2009; Born, Sperlich, & Holmberg,
2013).
A variety of compression garments have been studied relative to sprinting speed,
including compression shorts, tights, and stockings. Born et al. (2013) found small
positive effect sizes “…for improvements in single and repeated sprinting (10-60 m)…in
participants wearing compression clothing” (p. 6). However, they also discovered that
“the recovery of short-sprint ability (10–60 m)	
  was negatively affected by the use of
compression clothing” (Born et al., 2013, p. 12).
Compression garment use has been associated with reduced muscle oscillation
and increased performance. Doan et al. (2003) determined that compression garment use
decreased muscle oscillation. Reduction of muscle oscillation decreased the energy
required to perform a movement, due to a decrease in the number of muscle fibers firing
to perform a movement. Thus, it appears that by decreasing muscle oscillation,
compression clothing also decreases the amount of structural damage to the muscle.
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Averting such damage then contributes to a shorter recovery time and decreased muscle
soreness experienced post-exercise (Duffield, Cannon, & King, 2010). Lactate, creatine
kinase, albumin, and aspartate transaminase accumulation has been associated with
fatigue and damage in muscle. Therefore, the decrease in these biomarkers reported by
Duffield et al. (2010) would indicate decreased muscle fatigue and decreased muscle
damage associated with the use of compression garments.
Compression garments have also been associated with increased muscle and skin
surface temperature in comparison to no compression. An increase in temperature will
lead to an improved function of the muscle. Warming of a muscle, due to compression,
will decrease warm up time as well as keep the muscle warmer during competition. A
warmer muscle is less susceptible to injury in start and stop activities as well as in a
colder environment (Duffield et al., 2008).
The 20 m or 60 m sprint are the most commonly used tests of speed in studies of
compression garments effects on sprint performance. Mackala (2007) noted that
maximum velocity is reached between 40 and 60 m for non-elite sprinters. Participants
for this study will not be elite sprinters. Sprint speed has not been found to be
significantly affected by the use of compression garments (Doan et al., 2003).
Previous studies have examined the effects of compression garments on
performance. This study will examine the effects of compression provided by thigh
compression wraps instead of a compression garment such as compression shorts or
compression sleeves. The compression wrap will compress the muscles of the thigh
including the quadriceps (rectus femoris, vastus lateralis, vastus medialis, and vastus
intermedius), adductors: (adductor magnus, adductor minimus, adductor longus),
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abductors (iliotibial band and tensor fascia latae), and hamstrings (biceps femoris,
semitendinosus, and semimembranosus). The compression wrap will start just above the
knee and extend the length of the thigh.
Statement of the Problem:
The understanding of compressions efficacy in athletic performance has primarily
been associated with the use of compression shorts or tights. The current study will
broaden our understanding of the effects of compression on performance with the use of a
compression wrap as the source of compression around the thigh.
Purpose of the Study:
The purpose of this study was to determine whether the use of thigh compression
wraps decrease athletes’ 60 m sprint times compared to their 60 m sprint times without
thigh compression wraps.
Hypothesis:
There will be no difference in 60 m sprint times between compression wrap trials
and control trials.
Delimitations:
1. Participants in this study were physically active college students.
2. The 60 m sprint testing took place indoors and in the same location during both
testing sessions.
3. The subjects ran three trials per session without performance feedback.
4. Participants started from a standing position.
5. Only the researcher applied the compression wraps.
6. Two new wraps were used for each participant. One new wrap for each thigh.
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7. The number of wraps around a participant’s leg was not more than two wraps
different than the number of wraps around the participant’s other leg.
8. Individuals who had previously experienced a traumatic injury to a lower limb
were excluded from the study. Traumatic injuries included, but were not limited
to, any injury that required surgical intervention, and any strains of the lower
extremity within the past year.
9. Individuals who had any current injury that would limit their 60 m sprint
performance were also excluded from the study.
Limitations:
1. Tension in the compression wraps decreased with repeated use during the testing.
2. The actual tension of the compression wrap after its application was not
measured.
Assumptions:
1. Participants ran at maximum speed for each sprint trial.
2. The tension was equal in the compression wraps on both legs.
3. Participants had the same activity level prior to each testing session.
Definition of Term:
Compression Wrap: 6” by 10 yard Latex-free polymer combined with woven
yarns to provide balanced stretch, compression
Significance of the Study:
The significance of this study is it may determine compression wraps have the
same effect on a 60 m sprint performance as a compression garment. This may lead to the
use of compression wraps as alternative to the use compression garments in athletics.
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CHAPTER 2
LITERATURE REVIEW
This chapter examines the current literature on the use of compression wraps and
the use of compression garments and their effects. This review of literature is organized
into seven topics: compression, compression wraps, psychological effects of
compression, mechanical effects of compression, thermic effects of compression, the
effect of compression on edema/lactate/biomarkers, and the 60 m sprint. These topics will
be followed by a brief summary of all the research.
Compression
Compression is used in sport for a multitude of reasons such as: recovery,
limitation of swelling, comfort, assistance with injured muscles, and increased
performance. The different forms of compression include shorts, sleeves, full body suits,
and wraps. Born et al. (2013) analyzed data from peer reviewed research articles
regarding the effects of compression on the biomechanical, physiological, and
psychological parameters of performance. They looked at the effect size in each study to
determine their results. Born et al. (2013) determined that the use of compression
clothing “has small effects on improving short duration sprints, vertical-jump height, and
time to exhaustion, as well as time-trial performance” (p.16).
Compression is also used by a variety of populations ranging from athletes to
working adults who wear stockings or sleeves around their joints for ease of motion.
Jonker, de Boer, and Bezemer (2001) found that during the day there is a minor increase
in swelling/edema in the legs. They discovered that the use of a lycra garment/sleeve
helped reduce the amount of swelling in the legs compared to that of a control. The
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garment or sleeve also decreased unpleasant feelings such as being tired after work
(Jonker et al., 2001).
A problem associated with compression garment use in sport is sizing of the
garments. Compression garments are not personally fitted for each individual. Although
individuals may buy a size that fits, it may not exert a proper amount of compression
needed to have an effect. Another problem associated with studies of compression
garments is that the compression produced by the garment was not measured. The
compression needed to maximize performance improvement has not been determined.
Compression Wraps
Compression wraps, were created to “primarily wrap injuries. When correctly
placed, compression wraps impart support to strained tendons, ligaments, or muscles”
(U.S. Patent No. 5,616,387, 1997 pg. 1). Compression wraps are used because they have
two key properties that help support an injured area of the body: stretch and elasticity.
These properties can be confused as the same thing, but have different meanings. The
stretch property of the wrap allows it to stretch while a joint is moving or a muscle is
contracting to move an area through a range of motion. The elasticity of the wrap allows
it to return to the original form prior to stretch, continuing the support of the unmoving
joint. (U.S. Patent No. 5,616, 387, 1997).
There are several draw backs of using compression wraps as seen in previous
studies looking at amputees. One of the most important things discovered from these
studies is that compression wraps loosen up as they are worn and must be taken off and
reapplied in order to maintain proper compression. Compression wraps have also been
found to have inconsistent pressure. They can have a different pressure from one wrap
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around to the next. Compression wraps can also differ in the amount of compression from
one use to the next. It has been noted in the same studies that there can be a tourniquet
type of effect, cutting off blood flow to the lower extremity if wrapped around the upper
leg (Rausch & Khalili, 1985). A potential positive use of the compression wrap is that it
does not have to be modified based on the size of an athlete. Generally a 6” by 10 yard
wrap is used to wrap an upper leg; whereas, a garment may be a size that does not
produce enough compression to enhance performance.
Psychological Effects
Duffield and Portus (2007) and Duffield et al. (2010) found that there tends to be
a possible placebo effect in relation to the perception of the effects of compression. They
found a significant decrease “(P=0.01; d=1.1),” (Dufield et al., 2010, p. 138) on muscle
soreness 24 hours post exercise in the condition where the subjects wore a compression
garment. Since no change in any metabolites were found in this particular study and
muscle soreness was an immeasurable variable, the researchers believed that wearing the
compression garment affected the perception of muscular soreness.
Bringard, Perrey, and Belluye (2006) looked at the effect of compression tights
vs. elastic tights vs. a control. The main objectives of this study were to find if
compression tights decreased the slow component of VO2, as well as energy cost. They
also looked at how the compression garments compared to wearing normal shorts in
perceived exertion, comfort, and thermal sensation. Their study elicited no significant
differences between the compression garments and normal shorts. Therefore it may be
inferred that they did not experience any effect on perception due to wearing compression
as discussed by Duffield and Portus (2007) and Duffield et al. (2010).
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Lactate/Edema/Biomarkers
Often compression stockings are given to older adults to help with edema in their
feet and lower legs. The use of compression has also been studied to determine if its use
is effective at decreasing lactate accumulation in fatigued muscles. Duffield, Cannon, and
King in 2010 determined that the use of compression had no effect on lactate
accumulation compared to a control.
Kraemer and colleagues (2001) asked women to perform an eccentric exercise
routine for their biceps brachii muscles. Twenty subjects performed the test, 10 in the
control group and 10 in the test group. The test group used a compression sleeve on the
arm. The control group experienced a 2-3 cm increase in circumference of their upper
arm compared to the group with the compression sleeve, which did not experience any
increase in circumference. There was also a significant in elbow resting angle increase in
the control group of 6-8% compared to the compression group. These results indicated
that the compression sleeve reduced edema to the area and allowed for a greater resting
elbow angle. There was no significant increase in lactate above baseline, contrary to what
was found by Friden, Sfakianos, and Hargens in 1989 (as cited in Kraemer et al., 2001, p.
288).
Venous return and an increase in blood flow are the primary factors that decrease
swelling (Bringard, Denis, Belluye, & Perrey, 2006). Bringard et al. looked at the
difference between the effects of compression tights, elastic tights, and no compression
on different hemodynamics. The group took their information from readings on the
effects of stockings on hemodynamics in the lower leg. This led them to use a population
that had great experience running due to the high focus on calf muscles in running.
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Bringard et al. referenced Jonker et al. (2001) and his use of lycra support stockings to
reason for the amount of pressure required to effect hemodynamics in calves. Jonker et al.
had determined that the pressure ranging from about 10 to 30 mmHg led to the increase
in venous return and blood flow. The compression tights used in the study had an average
23.2 mmHg of pressure while laying down and a 24.1 mmHg of pressure while standing.
The pressure produced by the elastic tights was 5.6 mmHg while laying down and 5
mmHg while standing (Bringard et al., 2006, 551). They determined that the use of the
compression tights was most statistically significant at decreasing deoxyhemoglobin and
total sum of hemoglobin in the calves along with having a significant increase in tissue
oxygenation index.
Another biomarker that has been studied in relation to muscle damage is albumin
(Borras et al., 2011). Albumin has been associated with swelling due to an increase in the
amount of albumin concentration leading to a higher oncotic pressure. Albumin has a
high affinity to carry other particles with it while traveling to an area with decreased
plasma volume. Plasma volume decreases with fatiguing muscles and therefore would
cause more albumin to accumulate in the area (Borras et al., 2013).
Another lesser known biomarker has been studied by Duffield et al. (2010). They
looked at the values of asparate transaminase which is another enzyme found in the blood
after muscle damage. Asparate transaminase is generally not present until later in
recovery, which is why they discovered no difference at the 2 hour post-test level.
However, they did determine there was a small effect for a reduction in asparate
transaminase in the group with compression compared to the group with no compression.
The findings by Duffield et al. (2010) determined that one of the mechanical benefits of
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compression is decreased muscle damage and therefore decreased accumulation of
recovery particles and enzymes.
Thermic Effects
Compression garments have been found to increase local skin/surface
temperature, which could also increase in a muscular temperature. As found by both
Bergh and Ekblom, (1979) and Sargaent (1987) this increase in muscular temperature has
been related to an increase in dynamic strength, shifting the force-velocity curve, which
caused a higher muscle velocity. This means that an increase in muscle temperature will
increase the force a muscle can produce as well as its contraction velocity. Doan et al.
(2003) discovered that the use of a compression garment “caused a significant increase
(P=0.003 for men and women) in skin temperature compared with the loose-fitting gym
shorts” (p. 607). Although they do not state the exact increase in skin temperature, they
infer that it was raised about 1° C. As found by Astrand and Rodahl (1977) muscle
function is most optimal at 38.5° C. Average body temperature is 37°C, so an increase of
1°C of local skin temperature leaves a difference of .5 °C from optimal muscle
temperature. Due to this effect, if an environment is too warm, the use of a compression
garment may cause a negative effect by raising the muscle temperature above the optimal
temperature for performance.
Houghton, Dawson, and Maloney (2009) studied field hockey players to
determine if the use of compression garments raised temperatures higher than optimal
during performance. They had participants wear upper and lower body compression
garments or no compression garments. The participants’ core and skin temperature were
both measured in this study. Core temperature was measured with an ingestible capsule
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that sat in the gastrointestinal tract, and skin temperature was measured by wireless
patches on the chest, forearm, thigh, and calf. There was a higher skin temperature with
compression as compared to no compression, and that there was no significant difference
in core temperatures between the two groups. Houghton et al. (2009) continued to
mention that even though there was an increase in skin temperature that there was no
negative effect on performance as “sprint times, HR, RPE and lactate concentrations”
(pg. 307) remained similar between conditions.
Mechanical Effects
Compression garments, such as tights and shorts, have been found to limit the
amount of muscle oscillation during an activity. Compression garments are used to
compress and help support muscles, tendons, and ligaments underneath. During a fast
movement muscles tend to over exaggerate and do more work than they need to.
Compression has found to squeeze the muscle fibers and limit the amount of excess
movement they perform.
Kraemer et al. (1996) examined compression shorts and found there was a larger
maximum force generated by males, “wearing correctly fitted or undersized compression
garments than when wearing regular gym shorts” (MacRae, Cotter, & Laing, p. 824).
Higgins, Naughton, and Burgess (2009) also studied the difference in distance traveled in
double leg bounds while wearing compression garments and discovered a small effect
size of .53 with a 10% decrease, compared to a 14% decrease in those not wearing
compression garments. These studies looking at jumping performance referenced the
enhanced mechanical effects of hip proprioception and reduced muscle oscillation while
landing (MacRae et al., 2011).
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Doan et al. (2003) studied 20 Division I track athletes (10 male, 10 female) who
specialized in sprinting and jumping events. There were multiple mechanical effects
observed in both events. The use of compression garments created a significant reduction
in hip range of motion at 55 meter mark in a 60 meter sprint compared to no
compression. There was a (-5.08̊) difference in hip range of motion, which lead the
researchers to believe that there may have been an increase in stride frequency (Doan et
al., 2003).They also noted that even though it was not significant that there was a trend
towards a decrease in knee range of motion with the compression garment use.
Doan et al. (2003) also determined that there was a reduction in muscle oscillation
both longitudinally and anterior to posteriorly. The reduction of muscle oscillation has
been found to enhance performance, by reducing muscular fatigue and enhancing
technique throughout a repetitive jump test (Kraemer et al., 1998).
Electromyography (EMG) uses electrodes placed on the skin above the working
muscles to determine the activation of the working muscle. Wang, McLaren, Leong, and
des Ouches (2013) used EMG to determine the activation of the rectus femoris and
gastrocnemius muscles with and without compression garments over those muscles. They
had a small sample size, but were still able to find a significant decrease in muscle
activation with the use of compression. They also noted that there were similar results
whether they wore compression shorts or compression tights.
Fu, Liu, Zhang, Xiong, and Wei (2012) also found that the application of a high
compression garment has a positive effect on lowering muscle activation during a
dynamic strengthening program. The participants were strapped into a Contrex PM1/MJ
biomechanical test-training system. This device allowed the participants to actively
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contract the muscles to perform a concentric knee extension exercise. The participants
performed three different tests on this system including 60 degrees/s knee extension, 300
degrees/s knee extension, and an isometric test. At the slower speed of 60 degrees/s, there
was a significant decrease in muscle activation along with a higher EMG mean power
frequency.
Sixty Meter Sprint
Researchers have examined how compression garment use affects speed in short
sprints from 20-60 m sprints. The 60 m sprint is most useful, since maximum velocity is
reached between 40-60 m in non-elite sprinters (Makala, 2007). The use of a 20 meter
sprint does not give the participants enough time to get to maximum speed. Doan et al.
(2003) had the participants in their study perform a 60 m sprint while wearing or not
wearing compression garments. They did not find any statistical difference in sprint time
with the use of a lower-body compression garment.
Summary
The current literature presents multiple ideas that the use of compression should
help with performance. The primary findings relevant to this study are that the use of
compression garments create a decrease in muscle oscillation which will decrease muscle
fatigue and muscle damage. The use of compression garments was also found to decrease
muscle activation without affecting sprinting on a treadmill or contracting through a
range of motion. The decrease in muscle damage by decrease in muscle oscillation has
also been found to decrease biomarkers associated with muscle damage and recovery
such as lactate accumulation and edema. In order to fully test a participant’s speed they
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need to be able to reach top speed which was determined by Mackala (2007) to be reach
between 50-60 m in non-elite sprinters.
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CHAPTER 3
METHODS
The purpose of this study was to examine the effect of thigh compression wraps
on 60 m sprint performance in a physically active population. Compression garments
have been used to prevent injury, increase muscle and skin temperature, and reduce postexercise recovery time and muscle soreness. Compression garments have also been used
to enhance short sprint performance. Compression wraps, on the other, are typically used
to treat or prevent injury. The use of compression wraps to enhance sprint performance
has never been studied.
Participants
Prior to recruiting study participants, the procedures of the study were approved
by the SUNY Cortland Institutional Review Board (Appendix A). Physically active outof season SUNY Cortland athletes as well as physically active SUNY Cortland graduate
students were recruited as potential participants in the study. At the initial meeting with
potential participants, the researcher verbally described the study and its risks. Those who
were still interested then read and signed an informed consent (Appendix A). They then
completed a Physical Activity Readiness Questionnaire (PAR-Q) (Appendix B) and a
lower extremity injury questionnaire (Appendix C). The responses to the PAR-Q and
lower extremity injury questionnaire were used to exclude potential participants due to
current or previous lower extremity injuries or because of contraindications for
participating in physical activity.
An a-priori power analysis was conducted for sample size estimation with alpha
(a) set to .05 and estimate of power set at 0.75. With these parameters, the projected
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sample size needed to achieve a moderate effect was approximately 30 (GPower 3.1.9.2).
The actual number of participants was only 26. The desired sample size was not
achieved because of the unanticipated number of potential participants excluded due to
their lower extremity injury histories.
The 26 participants who completed the study included 19 women and 7 men. The
subjects ranged in age from 18 to 29 years. Each participant’s height and weight were
measured at the initial meeting after participants had signed the informed consent and
completed the PAR-Q and lower extremity injury questionnaire. Height was measured
using an Actonel Stadiometer. Weight was measured using a digital scale (WeightHealth-o-Meter Professional Model 320 KL). Participant demographics are shown in
Table 1.
Table 1.
Gender and Mean Height and Weight of Participants	
  
Group

N

Height (+/-) SD
(cm)

Weight +/- SD
(kg)

Males

7

180.2 +/- 6.3

78.8 +/- 6.3

Females

19

157.3 +/- 5.1

66.9 +/- 9.1

Total

26

169.6 +/- 8.5

70.1 +/- 9.6

Procedures
The study consisted of two test sessions that took place on two separate days.
During the initial meeting, the researcher scheduled dates and times for each subject for
the first test session. The participants were instructed to keep the same physical activity
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level the day prior to each test session to control the effects of fatigue or exercise.
Participants were also instructed to wear light color clothing to each test session for better
visibility on the video record.
The test sessions took place on a 200 m indoor track. The 60 m sprints were run
on one of the straight sections of the track. In the first test session the participants either
performed the three control trials or three treatment trials. A control trial consisted of a 60
m sprint without thigh compression wraps. A treatment trial consisted of a 60 m sprint
with thigh compression wraps. Order was randomly assigned by having the first
participant draw a piece of paper from a hat. There were eight pieces of paper in the hat,
four marked with an “X” for treatment and four marked with a “C” for control. The “X”
or “C” mark on the piece of paper drawn by the first participant determined whether that
first participant’s first test session consisted of three treatment trials or three control trials.
The rest of the participants alternated between treatment and control based on the first
participant’s session type. This guaranteed that the number of participants with treatment
trials as their first test session would be equal to the number of participants with control
trials as their first test session.
When participants arrived for a test session, their thighs were wrapped with
compression wraps if their test session was a treatment session. If their test session was a
control session, the compression wraps were not applied. The participants were then
instructed to warm up on bicycle ergometer for 5 minutes at a cadence and work load of
their choice.
After the warm up, each participant then lined up in a standing start position with
the right foot forward and the left foot back. The right foot was positioned just behind a
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strip of tape which marked the starting line of the 60 m. The participants were instructed
to run the 60 m sprint as fast as they could and not stop until they passed a blue trash
receptacle approximately 10 m past the 60 m mark. The researcher instructed the
participant to “go whenever you are ready” and the participant began running within
seconds after this instruction. Participants were not aware of the location of the actual 60
m mark.
Following the first and second 60 m sprint trials, the participants had five minutes
of active rest to allow for full recovery of the ATP-PC system. During this five minute
active rest period, the participants walked approximately one and three fifths laps (320 m)
around the 200 m track. The participants walked one lap around the 200 m track to cool
down after the final 60 m sprint trial.
The participants returned to the indoor track for their second test session two to
seven days after their first test session. During the second test session, participants who
completed the control trials in the first test session, were wrapped in the compression
wraps and then completed the three 60 m sprints. Participants who completed the
treatment trials in the first test session, completed the three 60 m sprints without
compression wraps in the second test session. Other than the application or nonapplication of the compression wraps, the procedures followed for the second test session
were identical to the procedures followed for the first test session.
Compression Wrap Application
When participants arrived at the indoor track for treatment trials, their thighs were
sprayed with TUF-SKIN and wrapped with two new 6” by 10 yard compression wraps.
Each compression wrap was wrapped around the thigh, going from distal to proximal, in
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a crossing pattern on the anterior of the thigh as seen in Figure 1. The wrap started just
above the knee. The first wrap was laid so that its inferior edge was in the fold of the
knee. Each wrap of the compression wrap around the circumference of the thigh was
counted and if the number of wraps on one leg differed from the other by more or less
than 2 wraps, that wrap was removed and a new compression wrap was applied. Also, if a
wrap was dropped and lost its original form and elasticity, a new wrap was used. The
researcher applied pressure evenly throughout the wrap. If there was wrap left over after
the thigh had been completely covered by the wrap then it was wrapped around the top of
the leg without any compression. The wraps ends were then wrapped with elastic tape to
prevent loosening of the wraps. Figure 1 shows the compression wrap in place on the leg.
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Figure 1.
Frontal view of thigh showing the compression wrap in place.
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60 m Time Measurement
The times for each 60 m sprint trial were derived from video recordings of each
sprint trial. A Casio Exilim Pro EX-F1 digital camera operated in high speed video mode
was used to video record each 60 m sprint trial. The camera was mounted on a tripod
opposite the 60 m mark, approximately 30 m from the lane in which the participants
sprinted. The camera height was adjusted to see the entire body of the sprinter. The
camera frame rate was 300 frames/sec. The zoom lens was set between 36-432 mm to
maximize the subject image size. The aperture of the camera was set to f/4.2 and its
shutter speed was 1/400 s. The camera was panned to follow the participant for the whole
60 m as they performed each trial. The camera began recording before the researcher
instructed the participant to “go whenever you are ready.” Recording was stopped after
the participant ran past the 60 m mark. All videos were digitally recorded onto a Secure
Digital High Capacity (SDHC) card.
After filming had been completed the SDHC card was removed from the camera.
The digital video files on the SDHC card were transferred to a portable flash drive and
then uploaded onto computer. Tracker, a video analysis and modeling program, was used
to measure the total time to complete each 60 m sprint trial from the video files. Using
the Tracker software, for each video file, the first frame in which the back foot (left foot)
lost contact with the ground was identified and numbered as frame one. This was the
starting frame of the 60 m sprint and timing began from this frame. To better identify this
frame in the video recording, an LED video light was placed on the track near the start to
illuminate the participant’s left foot. The ending frame of the 60 m sprint was the frame
in which the chest of the participant crossed the 60 m mark. The 60 m mark was indicated
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on the track by a white line. A pole was also placed at the 60 m mark on the opposite side
of the sprint lane from the camera. The ending frame was more precisely identified as the
frame when the participant’s chest first obscured this pole in the video record. The
number of frames between the first frame and ending frame of the 60 m sprint were
counted in the Tracker software. This number of frames was then divided by the camera
frame rate, 300 frames per second, to compute the time for each 60 m sprint trial in
seconds.
Statistical Analysis
Descriptive statistics (means and standard deviations) were computed for each
gender and for the whole group for height and weight. A Levene’s test for equality of
variance was also used to test for homogeneity among the male and female groups.
A paired samples t-test was used to compare average 60 m sprint time with the
compression wraps and 60 m sprint time without the compression wraps for the entire
group. Two additional paired samples t-tests were conducted to analyze differences in 60
m sprint times by compression wrap condition and control condition for males and for
females. Level of significance was set to α =.05 for all of these analyses.
A one-way ANOVA was conducted to determine if differences existed in 60 m
sprint performance across the three trials for the control condition. Thus, trial number
was the independent variable and 60 m sprint time was the dependent variable. Another
one-way ANOVA examined differences in 60 m sprint time across trials for the treatment
condition. For both ANOVAs, a Tukey post-hoc test was used to determine where
differences lied among the three trials. Level of significance was set to α =.05 for both
ANOVAs.
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Lastly, an average change score was computed for both the male and female
participants separately. The average change score was calculated by subtracting the
average treatment sprint time from the average control sprint time. An independent
samples t-test was conducted to determine whether significant differences existed
between the change scores of males and females. Level of significance was set to α =.05
for this test.
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CHAPTER 4
RESULTS
The purpose of this study was to examine the effect of thigh compression wraps
on 60 m sprint performance in a physically active population. Previous research indicated
that the use of compression garments results in no effect or a small improvement in sprint
time. Twenty-six physically active participants completed two test sessions on two
separate days, one week apart. During one test session, the treatment test session,
participants completed three trials of a 60-m sprint with thigh compression wraps on each
leg. During the other session, the control test session, participants completed three trials
of the 60-m sprint without the thigh compression wraps. Control and treatment test
sessions were randomized and counterbalanced. The primary hypothesis of the study was
that the use of thigh compression wraps would not effect sprint performance. The results
of this study are as follows.
Comparison of 60 m Sprint Times Between Conditions
The mean 60 m sprint time was 9.391 s for the three treatment (wrapped) trials
and 9.292 s for the three control trials. The difference between the mean times was
0.0995 s. Table 2 shows the means of the 60 m sprint times by individual trial and by test
session for male participants, female participants, and all participants. A paired-samples
t-test between mean control sprint times and mean treatment sprint times showed that the
difference between conditions was not significant (t = 1.992, df = 25, p = .057). The
complete results of the t-test are shown in Table 3.
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Table 2.
Mean 60 m Sprint Times by Test Session for Men, Women, and All Participants
Control Session Times (s)

Treatment Session Times (s)

Trial 1

Trial 2

Trial 3

Mean

Trial 1

Trial 2

Trial 3

Mean

Male

8.314

8.190

8.281

8.262

8.262

8.141

8.183

8.195

Female

9.720

9.647

9.650

9.671

9.892

9.799

9.805

9.832

Total

9.326

9.255

9.281

9.292

9.453

9.353

9.368

9.391

Table 3.
Difference Between Control and Treatment 60 m Sprint Times

Control MeanTreatment Mean

Mean
Difference
(s)

Std.
Deviation
(s)

t

df

sig

-.0995

.255

-1.992

25

.057

Comparison of 60 m Sprint Times Among Control Session Trials
A one-way within-subjects ANOVA of the control session trials using the trial
number as the independent variable and 60 m sprint time as the dependent variable
showed a significant effect of trial number on 60 m sprint time ( F(1,24) = 2884.302, p <
.05). The results of the ANOVA are shown in Table 4. A Tukey post-hoc test showed no
significance difference between the trials (1st and 2nd p = .368, 1st and 3rd p =.261, and 2nd
and 3rd p =1.000) as shown in Table 5.
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Table 4.
ANOVA of Control Trial 60 m Sprint Times
Source

df

Mean
Square

F

Sig

Partial Eta
Squared

Intercept

Type II
Sum of
Squares
6454.556

1

6454.556

2884.302

.000

.992

Error

53.708

24

2.238

Table 5.
Pairwise Comparisons of Control Trial 60 m Sprint Times
95% Confidence
Interval for
Difference
Control Trials
Compared

Mean
Difference
(s)

Std.
Error
(s)

Sig.

Lower
Bound
(s)

Upper
Bound
(s)

1

2

.064

.039

.368

-.040

.167

1

3

.081

.045

.261

-.038

.200

2

3

.018

.037

1.000

-.081

.116

Comparison of 60 m Sprint Times Among Treatment Session Trials
A one-way within-subjects ANOVA of the treatment session trials using the trial
number as the independent variable and 60 m sprint time as the dependent variable
showed a significant effect of trial number on 60 m sprint time, F (1,25) = 2767.451, p <
.001). The results of the ANOVA are shown in Table 6. A Tukey post-hoc test indicated
a statistically significant difference between the 1st and 2nd trials (p = .047), but there was
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no difference between the 1st and 3rd trials (p = .301), and no difference between the 2nd
and 3rd trials (p = 1.0). These results are shown in Table 7. Figure 2 displays the mean 60
m sprint times for each trial for both the control and treatment sessions.
Table 6.
ANOVA of Treatment Trial 60 m Sprint Times
Source

Type III
Sum
Squares

df

Mean Square

F

Sig

Partial Eta
Squared

Intercept

6879.452

1

6879.452

2767.451

.000

.991

Error

62.146

25

2.486

Table 7.
Pairwise Comparisons of Treatment Trial 60 m Sprint Times
95% Confidence
Interval for Difference
Treatment Trials
Compared

Mean
Difference
(s)

Std.
Error
(s)

Sig.

Lower
Bound
(s)

Upper
Bound
(s)

1

2

.100

.039

.047*

.001

.200

1

3

.085

.050

.301

-.043

.213

2

3

-.015

.034

1.000

-.101

.071

•

p < .05

60	
  m	
  Sprint	
  Time	
  (s)	
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Figure 2. Mean 60 m sprint times for each trial and test session.
Comparison of 60 m Sprint Times Between Conditions for Women
A paired samples t-test between mean control sprint times and mean treatment
sprint times for the 19 female participants showed a significant difference between
control sprint times and treatment sprint times for women (t = 3.441, df = 18, p = .003).
The female participants took 0.161 s longer to run the 60 m sprint in the treatment session
(9.832 s) compared to the control session (9.671 s) as seen in Table 8.
Table 8.
Difference Between Control and Treatment 60 m Sprint Times for Women

Control mean.Treatment mean

Mean
Difference
(s)

Std.
Deviation
(s)

t

df

Sig

-.161

.203

-3.441

18

.003
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Comparison of 60 m Sprint Times Between Conditions for Men
A paired samples t-test between mean control sprint times and mean treatment
sprint times for the seven male participants showed no significant difference between the
60 m sprint times (t = .52, df = 6, p = .601). The male participants took 0.067 s longer to
run the 60 m sprint in the control session (8.262 s) compared to the treatment session
(8.195 s) as seen in Table 9. Unlike the women participants, who ran slower during the
treatment trials, the male participants ran slightly faster during the treatment trials.
Table 9.
Difference Between Control and Treatment 60 m Sprint Times for Men
Mean
Difference
(s)

Std.
Deviation
(s)

t

df

Sig.

.067

.319

.552

6

.601

Control meanTreatment mean

Average Change Score
An average change score was calculated to determine the difference in mean
sprint times from the control trial to the treatment trial. A negative number indicates a
faster control time and a positive number indicates a faster sprint time for the treatment
condition. There was a significantly greater change in 60 m sprint time from control to
treatment in females (mean difference = -.1607 s) compared to the men (mean difference
= .0666 s) as shown in Table 10. An independent t-test indicated the difference in change
score between males and females was significant (p = .041) as shown in Table 11.
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Table 10.
Average Change score for Men and Women

Avg Change
Score

Male or
Female

N

Mean
(s)

Std.
Deviation
(s)

Std. Error
Mean
(s)

Female

19

-.1607

.204

.047

Male

7

.0666

.319

.121

Table 11.
Independent t-test Results between Average Change Scores of Men and Women

Equal Variances
Assumed

F

Sig.

t

df

Sig

2.314

.141

-2.161

24

.041

Homogeneity of the Groups
A Levene’s test for equality of variances was conducted between the male and
female groups to determine homogeneity of the groups. Results are presented in Table
12. The Levene’s test for equality of variances determined that the groups variances were
not significantly different (p = .141) even though the female group had more participants
than the male group (19 versus 7, respectively). A significant (p < .05) Levene’s test for
homogeneity indicates that equal variances cannot be assumed.
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Table 12.
Levene’s Test for Equality of Variances

Average Change
Score

F

Sig.

2.314

.141

Summary
The results show that for the total sample (men and women combined), the use of
compression wraps increased 60 m sprint times by about .1 s, but this difference was not
statistically significant (p = .057). When the data from male and female participants were
analyzed separately, the males’ 60 m sprint times were not significantly different between
conditions (p = .601), while the females’ 60 m sprint times for the treatment condition
were significantly slower (p < .001) than the control condition by about 0.16 s. The data
were further analyzed to determine if the different sizes of the groups (male = 7, female =
19) affected the results. This analysis showed that variance in 60 m sprint times for the
male and female groups were not statistically different (p = .141). Lastly, in each
condition there was a statistically significant change among all three trials, but when
separated only the treatment group was found to have a significant different sprint time
between trial 1 and trial 2. The results indicate that the use of compression wraps had a
significant negative effect on sprint performance for the female participants in this study.
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CHAPTER 5
DISCUSSION AND CONCLUSIONS
The purpose of this study was to determine if using compression wraps on the
thighs of physically active college students affected their 60 m sprint times. Although the
effects of compression garment use on sprint performance have been studied, the effects
of compression wraps on sprint performance have not been studied. In terms of practical
implications, the results of this study could lead to the use of compression wraps in sports
as an ergogenic aid.
The use of compression wraps had a slight negative effect on sprint performance
in the combined group of men and women, slowing their 60 m sprint time by an average
of 0.10 s over the average time for the control condition. This negative effect was not
significant, however. Therefore, the original hypothesis that the compression wraps
would have no effect on 60 sprint performance was supported.
Separate analyses of the male and female participants’ data produced different
results, however. The 19 women ran the 60 m sprints 0.161 s slower with their thighs
compression wrapped than when their thighs were not compression wrapped. This
difference was significant. The seven men on the other hand, ran the 60 m sprints 0.067 s
faster when their thighs were compression wrapped than when their thighs were not
compression wrapped. This difference was not significant. A comparison of the men’s
and women’s changes in 60 m sprint times between the control and treatment sessions
showed that the changes were significantly different between men and women. The effect
of thigh compression wraps on 60 m sprint performance was different between men and
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women. Women’s sprint performance was negatively affected by thigh compression
wraps, while men’s sprint performance was unaffected by thigh compression wraps.
For the women in this study, the negative effect of using thigh compression wraps
was not consistent with the literature regarding compression garments. Past research
regarding the effects of compression garments on sprint performance found no effect or a
small positive effect of compression garments on sprint performance. In the present
study, the use of compression wraps on women produced the opposite effect. The results
for the men in this study were in agreement with the previous research regarding the
effects of compression garments on sprint performance.
Fu et al. (2012) and Wang et al. (2013) found a decrease in muscle activation as a
result of compression. In the present study, muscle activation was not measured, but
perhaps it could be related to the reason of why the womens’ 60 m sprint performance
was negatively impacted by the use of compression wraps. If the muscles do not fire
completely, muscle force production would be limited and this may have limited
sprinting speed of the women in this study. This does not explain the men’s results,
however.
Doan et al. (2003) found a decrease in hip range of motion and knee range of
motion as a result of compression garment use in sprinting. The decreased ranges of
motion could lead to a decrease in stride length and a thus a decrease in sprinting speed.
Although not measured, the range of motion of the women’s hip and knee joints may
have been limited by the compression wraps in this study. This may have negatively
affected their sprinting speed..
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Rausch et al. (1985) found that compression wraps often had to be re-wrapped
after a period of activity due to loosening. In the present study, from trial one to trial two
of the compression wrap session, there was a significant decrease in time to complete the
60 m sprint. The 5-minute cycle ergometer warmup and the 5-minute walk after the first
sprint could have resulted in loosening of the compression wraps and thus had a direct
affect on the decrease in sprint time. There was also a decrease in sprint time between the
first and second trials in the control session, but this decease was not statistically
significant. This shows that the first trial served as a warm up trial, and the second trial
was the participants’ fastest trial. The treatment group may have had the added benefit of
the loosening of the compression wraps as well.
The findings of the current study suggest that the use of compression wraps has a
negative effect on sprint performance in women in contrast to the use of compression
garments which have little to no effect on sprint performance. This is the first known
study investigating the performance enhancing effects of compression wraps.
Compression wraps are most commonly utilized by athletic trainers to aid injured
athletes. Compression wraps are used to reduce swelling and to protect injured areas
during athletic and non-athletic activity. The current study examined the use of thigh
compression wraps. The thigh is often the site of injuries usually involving the hamstring
or quadriceps muscle groups. Results of this study showed that the use of thigh
compression wraps has a negative effect on sprint speed. Thigh compression wraps may
protect injured hamstrings or quadriceps. The lowered activity of these muscle groups as
a result of the compression wraps may provide some protection to the injured muscles
from re-injury. Athletic trainers should be aware of how compression wrap treatments
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affect performance. Athletic trainers should be prepared to explain the results of this
study and justify why compression wraps may be warranted to prevent injury and speed
healing.
In the current study there were several limitations that may have impacted the
results. The number of participants, 29, was less than the 30 participants that were
desired. There were many more female participants than male participants, so finding
significant results for the men was unlikely. There was also limitation with the 60 m
sprint time measurements. For some trials, it was difficult to determine the exact frame in
the video record when a subject first lost contact with the ground at the start of a sprint
trial. This uncertainty may have slightly affected the accuracy of the time measurement
for sprint. Another limitation that could have affected the results was the loosening of the
wraps during the warm up before the first trial and during the active recovery after the
first trial. A final limitation was the compression placed on the wraps. The researcher was
the only one who wrapped each participant’s legs, but it still may not have been equal for
each participant’s leg or or from participant to participant. There was a maximum
difference in wrap count between a participant’s legs of two wraps, but the compression
between participants was only controlled by the compression wrapping skill of the
researcher.
In conclusion, this study adds to the knowledge regarding the effects of
compression on performance with the use of compression wraps. The current study
shows that the use of compression wraps has a negative effect on sprint performance in
females, which contradicts previous research on compression garments. Past research has
found the use of compression garments had a small positive to no effect on performance.
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There are several possible reasons for the decrease in sprint performance with the use of
compression wraps. Such reasons could include a decrease in muscle activation, leading
to a decrease in knee and hip range of (Doan et al., 2003) or loosening of the compression
wraps (Rausch et al. 1985). The primary finding of this study is that the use of thigh
compression wraps decreases sprint performance in females.
Future research should examine the effects of the use of compression wraps on
various aspects of performance. Many studies have already examined the effects of
compression garments use on performance, but the effects of compression wrap use on
performance may be different. The different effects of compression wrap use on
performance in men versus women should also be investigated further.
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Appendix B
INFORMED CONSENT
You are invited to participate in a research study conducted by Kevin
Ostempowski, a graduate student in the Kinesiology Department at SUNY Cortland. He
requests your informed consent to be a participant in the study described below. If at any
time you have any questions about any aspect of the project, please feel free to ask.
Purpose and Procedures of the Study:
The purpose of the study is to determine if using compression wraps on an athlete’s
thighs affects the athlete’s 60 m sprint performance. If you agree to participate, you will
be asked to attend an informational meeting and two test sessions. The informational
meeting and the two test sessions will occur on three different days over a period of 10
days. The test sessions will occur a minimum of 2 days apart. At the informational
meeting, this informed consent form will be given to you and the study will be described
to you. If you choose to sign this informed consent, your height and weight will be
measured and you will be asked to complete a physical activity readiness questionnaire
(PAR-Q). You will also be asked to complete a lower extremity injury questionnaire.
Your responses to the PAR-Q and the lower extremity injury questionnaire will
determine whether or not you qualify to be a participant in the study.
If you do qualify to continue participating in the study, you will be asked to attend
two test sessions. During each test session you will be asked to run three 60 m sprints on
a straight section of the indoor track in Lusk Fieldhouse. At one test session, your thighs
will be wrapped with latex free compression bandages. At the other test session, your
thighs will not be wrapped. Whether your thighs are wrapped during the first or the
second test session will be randomly determined. During each test session you will
warm-up for 5 minutes on a stationary bicycle prior to sprinting. Following this warm-up,
you will walk to the starting line of the 60 m sprint. When the investigator calls out
“Ready”, you will assume a standing position and begin the 60 m sprint when you are
ready. You will then sprint as fast as you can for a distance of 60 m. The end of the 60
m is clearly marked on the track. After the first two 60 m sprints, you will have a 5
minute recovery period before starting the next sprint. During this 5 minute recovery
period, you will walk one and a half laps around the track before the next 60 m sprint.
The same procedures will be followed for the each of the three 60 m sprints. After
completing the third 60 m sprint, the compression wraps will be removed from your legs
and you can cool down.
During each of the three 60 m sprints, a panning video camera will record you
sprinting for the full length of the 60 m. The video from this camera will be used to
determine your time for the 60 m sprint. A second, fixed view, video camera will also
record you for approximately the last 10 m of each 60 m sprint. The video record from
this camera will be used to measure your stride length, stride frequency, and ranges of
motion at the hip joints and knee joints for each sprint.
Before agreeing to participate in this study, you should know the following:
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1. Freedom to withdraw
You are free to withdraw your consent at any time without penalty. Additionally, at
any time, you may ask the researcher to destroy all video recordings of your
performances, as well as any other personal data or information collected during the
study.
2. Confidentiality of records
Confidentiality will be maintained by limiting access to your video records and your
other personal data to only the principal investigator and the co-investigators. The
digital video records of your sprints and the digital records of the measurements of
your sprint performances will be saved on a flash drive that is stored in the locked
cabinet in the principal investigator’s office. The digital video records will also be
stored on a digital flash memory cards that will also be stored in a locked cabinet in
the principal investigator’s office. Your name will not be used or associated in
anyway with the file names assigned to these digital video and data records. The
original hard copies of your completed PAR-Q, lower extremity injury questionnaire,
and this signed consent form will be secured in a locked cabinet in the principal
investigator’s office or one of the co-investigator’s offices. These records will be
destroyed or erased after 3 years.
3. Length of participation
The informational meeting will take approximately 30 minutes. The two test sessions
will each take approximately 25 minutes. The informational meeting and the two test
sessions will occur on three separate days over a period of 10 days, and the two test
sessions will take place a minimum of 2 days apart.
4. Risks of the study
The risks associated with the study are minimal but include those risks associated
with sprint running. You will probably experience muscle soreness in your legs for
one or two days following the test sessions. You may also experience discomfort
associated with cardiovascular exercise.
5. Benefits expected
Your participation in this study may help determine if the use of compression wraps
covering the thighs improves sprint performance. Improvement in athletic
performance and recovery from exercise has been associated with the use of
compression garments.
6. Contact information
If you have any further questions concerning the purpose or results of this study, you
may contact Kevin Ostempowski at (716) 863-9576 or
kevin.ostempowski@cortland.edu.
For questions about research at SUNY Cortland or questions/concerns about participant
rights and welfare, you may contact Amy Henderson-Harr, IRB Administrator, P.O. Box
2000, Cortland, NY, 13045 (phone (607) 753-2511 or email irb@cortland.edu). In the
event of an injury please contact the SUNY Cortland Health Center in room B-26 of Van
Hoesen Hall at (607) 753-4811.
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I, ________________________, have read the procedures and description of the
research study
(print your name)

for which this consent is requested, I understand my rights, and I hereby consent to
participate in this study.
_______________________________
__________________
Signature

Date

_______________________________
__________________
Researcher’s Signature

Date
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Appendix C
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Appendix D
Lower Extremity Injury Questionnaire

Please answer the following questions either YES or NO.

1. Do you currently have any lower extremity injuries you are receiving treatment
for?___________
2. Have you ever had any type of surgery to your Lower Extremities including: hips,
knees, ankles, and feet?______________
3. Have you had a muscular strain to your lower extremities in the last calendar
year?__________

